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to NF90. Meanwhile, the results 
of the TRASAR-based LRV were 
2.46 to 2.96-log, depending on 
the NF membrane. Interestingly, 
the salt rejections of the NF and 
NF270 were inferior to NF90, but 
fluorophore rejection was superior. 
Overall, NF270 appears to have 
better applicability for potable 
reuse for inland regions due to 
the fact that the concentrate has 
lower salinity and a more favorable 
sodium adsorption ratio, both 
of which offer the potential for 
beneficial use of the concentrate. 
Furthermore, the 3D TRASAR 
Technology has been proven to 
consistently provide an extra 2.5- 
to 3-log pathogen removal credit 
for the NF membranes discussed. 
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With benefits that are 
experienced every day in 
the palms of our hands, 

big data and technology aren’t 
new in our personal lives or in 
other industries. But now, as we 
increasingly apply technological 
innovations to the water industry, 
big data is being put to work for 
water management and reuse in 
a meaningful way. 

The Water Environment Feder-
ation, the National Association 
of Clean Water Agencies, and 
the American Water Works 
Association all have launched big 
data initiatives, signaling that the 
water industry is finally joining 
the big data movement. These 
organizations based in the United 
States (US) are bringing together 
industry experts to help define 
what big data means to the water 
industry and how utilities can start 
to use the concepts in their daily 
operations. The Water Research 
Foundation and the Water 
Environment & Reuse Foundation 
(WE&RF) have also jumped on 
board, funding research projects 

aimed at addressing big data in the 
water industry. This multifaceted 
movement has three primary 
outcomes: 
•  Putting information into system 

managers’ and facility operators’ 
hands so that they can make 
better data-driven decisions  

•  Figuring out how to better 
manage — maintain, operate, 
and ultimately replace — assets 

•  Controlling energy, chemicals, 
and other costs while meeting 
goals and requirements 
including public safety.  

One water research project, 
launched in January 2016, is 
titled “Integrating Management 
of Sensor Data for a Real Time 
Decision Making and Response 
System” (WE&RF 14-01). Black & 
Veatch leads the research team, 
which also includes the University 
of Arizona, Hazen, six water 
industry partners, and seven 
participating utilities. 

The primary goal of the project 
is to integrate exiting treatment 
system information with available 

sensors, emphasizing the develop- 
ment of an overall decision 
support tool to help operators and 
managers of direct potable reuse 
(DPR) facilities take appropriate 
real-time actions based on 
anomalies and events to ensure 
regulatory compliance. The project 
has several specific objectives: 
•  Develop and demonstrate an 

operational decision support tool 
that integrates a diverse number 
of sensors for timely feedback 
that could forewarn of a critical 
alarm and diversion of water 

•  Integrate existing sensors into a 
network that can be applied to 
any DPR treatment process 

•  Build on criteria developed in 
previous research for decision-
making based on established 
critical control points within a 
DPR treatment process 

•  Develop a framework for sensor 
data integration using an 
operational decision support tool 
based on the above criteria.

Developing a framework
Historically, the water industry has 
shown us that each community 
has a unique set of circumstances 
and, in many cases, unique water 
quality issues and concerns. 
Developing a single, standard 
approach or solution to address 
these issues has always been 
challenging. This research project 
will yield a flexible framework 
that can be configured to specific 
situations by individual utilities for 
achievement of desired outcomes.

The framework approach is 
based on a layered model of sen-
sors, software detectors, and a 
decision support tool (DST) 
(Figure 1). The first layer is a net-
work of sensors, but the definition 
of a sensor in this case is meant 
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Making sense of sensor 
data for potable reuse

  Figure 1. Monitoring framework and decision support tool
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to be broad, including traditional 
water quality analyzers and also 
many other data sources such 
as operational and maintenance 
data. A layer of software detectors 
monitors the sensor layer, where 
concepts such as machine learn-
ing or artificial intelligence can 
come into play. The detectors’ sole 
purpose is to monitor the vast sen-
sor network and determine when 
anomalies or issues need to be 
elevated as an alert. The DST then 
turns these alerts into actionable 
intelligence, giving an operator a 
clear set of actions to take. The DST 
can be thought of as the dashboard 
where information is gathered so 
that an operator can monitor and 
investigate the entire system.

Critical versus important 
Extensive work has been done 
to define critical control points 
for DPR to preserve public health 
and safety. These critical control 
points are in many cases directly 
linked to regulatory limits and 
requirements defined by federal 
or state regulators. In addition to 

critical items, many important 
items also require monitoring 
and, in some cases, action from 
system operators. This is where 
technology and big data come 
into play. Historically, it has been 
challenging to monitor all of the 
data coming from facilities, and 
the tools to monitor this data were 
essentially simple alarms to warn 
operators if a single value tripped 
a threshold. Today, software 
can monitor and analyze large, 
complex sets of data in fractions of 
seconds. The water industry can 
now harness technology to detect 
important occurrences in DPR 
facilities, such as changes in the 
rate of fouling of a microfiltration 
system or changes in salt rejection 
over time related to membrane 
aging and chemical cleanings. If 
left hidden or unaddressed, these 
important issues could eventually 
lead to critical issues. Important 
issues can now be added to critical 
issues in the DST to help operators 
understand the full health of the 
facility.

The best analyzers
It’s necessary to understand the 
wide view of data and focus on 
critical and important issues, but 
the reality is that the critical points 
– specifically, the water quality 
analyzers at the critical points – 
are and will remain an integral 
part of DPR facility monitoring. 
The University of Arizona research 
team is leading the industry in  
investigating current and 
future analyzers. The university 
researchers are surveying the 
analyzers, their maintenance, and 
quality control aspects of sensors 
to ensure that the water quality 
sensor network provides reliable 
information to the software layer.

Using software to monitor 
The heart of the framework is the 
layer of software detectors that can 
be configured to monitor different 
scenarios. However, one of the 
challenges is that off-the-shelf 
commercial software configured 
for the water industry is not readily 
available. 

A variety of machine-learning 

algorithms have been deployed 
for anomaly detection for many  
years in other industries; 
building a statistical model that 
uses appropriate algorithms is 
important in establishing the 
framework best suited for a 
particular system. 

Wide view of data

Members of the water industry 
tend to associate sensors 
with water quality analyzers. 
Although water quality 
analyzers, such as chlorine 
residual analyzers, play an 
important role in monitoring 
treatment performance, they 
represent a small portion of 
the potential data sources from 
DPR facilities. In fact, tens of 
thousands of other data points 
come from these facilities. 

Real-time data available from 
control systems offer thousands 
of data points, from specific 
feedback about pressures or 
flow rates to equipment status 
such as pump speed and 
calculated key performance 
indicators (KPIs) such as energy 
efficiency. Hundreds of daily 
water quality grab samples 
usually go into spreadsheets 
or databases and are largely 
unused for real-time analysis. 
Nor is the industry taking 
full advantage of rich data 
sets about the condition and 
maintenance of the facilities 
available from computerized 
maintenance management 
systems (CMMS). 

The power of today’s 
technology lies in the ability 
to aggregate and analyze 
all of this structured and 
unstructured data and 
then turn it into actionable 
information. 

 Table 1. Example of three scenarios that could be used to monitor microfiltration, including the types of math for software detectors and potential data sources

Monitoring 
Classification

Monitoring 
Scenarios

Type of Math 
Algorithm

Data Sources Alerts

Water Quality - 
Online

Operational 
Data

Event “Yellow” “Red”

Regulatory/ Critical

Total chlorine 

(Control Point)

Trigger Total chlorine, free 

ammonia

  Less than target Less than critical

Pressure decay test 

(Control Point)

Trigger  Pressure decay test 

result

 Less than target Less than critical

Operational Integrity

Rate of pressure 

decay

Clustering  Pressure decay test 

result, pressure 

decay history, 

starting pressure, 

ending pressure, 

test time

Date of membrane 

repair

Greater than target  

Water quality analyzers will play an important role in monitoring potable reuse, but software systems that detect anomalies 
will also be important. Photo by Black & Veatch
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To create focus for the moni- 
toring and verification of DPR  
facilities, the framework devel-
oped during the first year of the 
project groups areas of interest 
into monitoring classifications. 
While the water industry has 
always focused on regulatory 
or critical parameters and 
scenarios, the framework provides 
the potential to focus on other 
aspects of treatment related to 
the integrity and performance 
of the processes, general water 
quality, events that are planned 
or unplanned, and maintenance-
related issues. Scenarios or issues 
potentially can be grouped into six 
monitoring classifications within 
the framework: regulatory/critical, 
operational integrity, operational 
performance, water quality, event, 
and maintenance.

Within each of the monitoring 
classifications, different scenar-
ios for monitoring and detecting 
events and anomalies can be creat-
ed. These scenarios can range from 
general situations to very specific 
cases related to a regulatory limit. 
Depending on the type of scenario, 
data from on-line water quality 
analyzers, off-line water quality 
analysis, operational, events, and 
maintenance could be used to 
detect an issue or anomaly when 
it occurs. In this manner, a utility 
could establish and configure a 
series of scenarios that apply to 
DPR processes and systems. Each 
of these scenarios would then pass 
alerting information to the DST for 
operator action.

A decision support tool for 
operations
During the operation of a DPR 
facility, the focus should be on 
creating an interface that can 
synthesize all of the data and 
analytics to let an operator know 
that something has happened and 
to provide information about what 
to do. The framework envisions 
the DST as the operator interface 
that will bring together the sensor 
network and software detectors 
into a dashboard to provide 
alerts and relevant actionable 
information. 

The DST software and the 
look and feel of the dashboard 
are not as important as planning 
scenario monitoring, alert levels, 
and resulting actions. Utilities 
will therefore need to do careful, 
facility-specific planning to 
establish monitoring parameters 
and related actions. 

When considering the mem-
brane filtration system, for 
example (Table 1), a monitoring 
scenario related to operational 
integrity could involve the rate 

of pressure loss during the 
membrane integrity test. Working 
with this scenario, utilities would 
configure a software detector to 
monitor the rate of pressure decay 
test data from all the racks (and 
other contextual data), determine 
the normal and alerting criteria, 
and identify appropriate actions – 
such as initiating a second decay 
test or taking the train off-line for 
maintenance. This scenario would 
eventually be codified into the DST 
so each scenario or issue triggers 
the right alert and prompts the 
right actions.

Ultimately, the value of the 
framework lies in the planning 
of monitoring scenarios and the 
software layer that can detect 
anomalies from complex data sets. 
The DST notifies operators about 
issues and prompts responsive 
action. 

What the future holds
As more communities turn 
to potable reuse to meet their 
future water supply needs, the 
monitoring and verification of 
the facilities will be important to 
support prudent operations and 
to protect public health. Using the 
framework from this research to 
build layers of sensors, software, 
and a DST, utilities will be able 
to implement reliable monitoring 
using the latest technology in 
a user-friendly way. As more 
monitoring systems are deployed 
and as technology advances, it will 
be interesting to see if the water 
industry will evolve from using 
technology as an alarm or alert 
mechanism to using technology 
automatically to control operations 
and report the responses to issues. 
While this application may seem 
very futuristic, some people 
already drive to work in cars that 
use data and analytics to control 
the car to avoid collisions. And 
it may not be that long before 
autonomous cars can drive that 
same person to work. This project, 
slated for completion at the end of 
2017, is expected to jumpstart the 
water industry down the road of 
the future.
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Air stripping 
achieves 90 percent 
THM removal 
The US city of Santa Cruz, Califor-
nia is using an E-Z Tray® Air Strip-
per from QED Environmental to 
meet its water quality goals while 
using process recycled water as 
part of its supply source. Using 
the recycled water had caused con-
cern about complying with the US 
Environmental Protection Agency 
(EPA) trihalomethanes (THM)/ 
disinfection byproducts potable 
water quality standards in its fin-
ished water. QED Environmental 
is based in Dexter, Michigan, 
United States.

The City evaluated various 
aeration treatment processes and 
chose an E-Z Tray Air Stripper. Its 
performance has greatly surpassed 
the City’s goals, including up to 
90-percent THM removal.

The City of Santa Cruz, Califor-
nia depends on surface waters for 
95 percent of its municipal water 
supply; only 5 percent comes from 
groundwater. About 10 percent 
of the water stream going into the 
treatment process comes from re-
cycled water. An engineering study 
revealed increasing levels of THMs 
in the reclaimed water, sometimes 
up to 150-200 parts per billion 
(ppb). The presence of THMs is 
primarily a byproduct of drinking 
water disinfection. The increased 
THM levels in the recycled water 
had put Santa Cruz in danger of 
exceeding the EPA’s maximum 
contaminant level of 80 ppb in 
potable water.

City of Santa Cruz Production 
Superintendent Terry McKinney 
commented, “We liked the QED air 
stripper because of the stainless 
steel construction, the removable 
trays, really simple, very straight-
forward. The entire QED unit is 
NSF approved.”

Capital cost was also a factor 
in the choice, but one that proved 
to be no problem, given the wide 
range of E-Z Tray models and 
price levels. McKinney says, “We 
normally get 90 percent removal. 
We haven’t done a lot of testing on 
it, but one flow rate was about 300 
gallons per minute, 350-ish, and 
we got 90-percent removal. When 
we cranked it up to 500 gallons 
per minute, it went down to about 

80-percent removal. You have the 
flexibility of looking at stripper size 
in relation to flow rates, and you 
can go over the flow rate if you can 
accept the lower percent removal, 
and 80 percent is still fine.” 

In addition to ease of cleaning, 
the glass doors help to visually 
monitor. McKinney says, “You 
can certainly see an equal air 
flow through the unit.” He reports 
that the one time the trays were 
pulled out after 3 months, “there 
was very little sign of organics or 
anything on them. There was no 
scaling whatsoever. There was a 
little slime, typical biofilm you 
would get in a pipe and it was not 
detrimental at all. You could feel 
it, it was slippery, but all the holes 
were perfectly fine and open.”

New Hybrid 
Proseries-M® MD-3 
Metering Pump
Blue-White Industries’ 
Proseries-M® MD-3 Hybrid 
Diaphragm Chemical Metering 
Pump is now equipped with 
sonic welded manifolds for added 
durability and protection from 
chemical leaks. The MD-3 provides 
precision chemical metering for 
treatment of municipal water and 
wastewater. MD-3 is NSF 61, CE, 
ETL and NEMA 4X certified.

MD-3 has 2000:1 turndown, and 
provides smooth chemical dosing 
with no pulsation dampener. MD-3 
provides steady flow with 380 
strokes per minute. Output rates to: 
58 GPH (220 LPH) and pressures 
to 145 PSI. Long service life at 
high pressures with no pressure 
regulator needed. The company 
says the MD-3 is 50 percent more 
energy efficient than similar units.

Backed by a 5-year warranty, 
units are sold with all necessary 
components for drop-in place 
installation. MD-3 is equipped 
with conveniently built-in 
controls. PVDF wetted end fittings 
allow for over 14 inlet and outlet 
configurations. Blue-White 
Industries is based in Huntington 
Beach, California, USA.

The City of Santa Cruz 
depends on surface waters 
for 95 percent of its 
municipal water supply.


